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(57) ABSTRACT 

It is the object of the invention to provide a magnetic head 
and a magnetic storage apparatus using the magnetic head 
provided with a signal reproducing means which is capable 
of using the same signal processing circuit as used for the 
conventional longitudinal magnetization film type recording 
medium even when a perpendicular magnetization film type 
recording medium is used. Because the present invention 
renders the reproducing signal generated from a perpendicu- 
lar magnetization film Gaussian shaped (Lorentzian pulse), 
the same signal processing circuit as used for the conven- 
tional longitudinal magnetization film type recording 
medium can be used. To accomplish this object, in the 
reproducing means which is the component of the informa- 
tion reproducing component of the magnetic head, the first 
spin valve element and the second valve element are piled 
up, the magnetization direction of pinned layers of both 
elements is prescribed so as to be antiparallel each other, and 
lead electrodes of both elements are connected so as to be 
common. When two spin valve elements are piled up to 
compose a reproducing means, the first spin valve element 
is structured so as to have an Ru film between the first 
ferromagnetic film and the second ferromagnetic film and so 
as to have a Cu film between the second ferromagnetic film 
and the third ferromagnetic film, and the second spin valve 
element is structured so as to have a Cu film between the 
fourth ferromagnetic film and the fifth ferromagnetic film. 
These two elements are piled up with interposition of a 
desired spacer film adjacently. 

5 Claims 8 Drawing Sheets 
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MAGNETIC HEAD AND MAGNETIC recording and reproducing much magnetic information in 

STORAGE APPARATUS USING THE SAME and from a single sheei of recording medium is important. 

To satisfy this request, it is required to increase the 
recording density of a magnetic memory device. To increase 

BACKGROUND OF THE INVENTION 5 lhe rec0 rding density, it is required to miniaturize the size of 

1 Field of the invention domain which is the source of magnetic information. It is 

This invention relates to a magnetic storage apparatus also ^quired to increase the frequency of recording current 

used for computers and information processing apparatuses, supplied to the coil 26 shown in FIG. 2 and to narrow the 

and more particularly relates to a magnetic head and a desi S n of ^ Wldth W of '^cording magnetic pole 27. 

magnetic storage apparatus suitable for a perpendicular 10 According to the examination performed by the inventors, 

magnetic recording medium obtained realizing a high den- a recording pole width W of 2.5 pm and a recording 

sity recording. frequency of about 90 MHz realized a recording density of 

o n„™«t; rt „ „f ,u„ ort 2Gb/in 2 class. However, it was found that an even higher 

2. Description ot the prior art , , . . , 

... density caused a problem and revealed the limitation ot nigh 

Information processing apparatus employs mainly semi- 15 densit y rccordin a 
conductor memory and magnetic memory as their storage „ <. ,,,, c 
apparatus. Semiconductor memory is used mainly for the . Heretofore, magnefc films called longitudmal media of 
internal storage apparatus in view of access time , and urplane magnet.zafon direction have been used as record- 
magnetic memory is used mainly for external storage appa- «* media - In ™ '--plane medium the boundary between 
ratus in view of large capacity and non-volatility. , 0 d ° mauls " ""inly magnetized, and the magnetization is 
. j . * , , . read out by detecting field intensity. Because the magncti- 

Recently magnet.c disk and magnetic tape have been concentrated, a signal of Gaussian shape 

mainly used as magnetic memory. A recording medium used (Lorentzian ^ a) ^ &i ^ ^ out tted . since lhe 

for these magnetic memory comprises an Al substrate or ) band F conlained in , sj , ^ narrow> i( ^ |ess 

resin tape on wh.ch a magnefc th.n film isformed.To record dble to , he deterioratioD of signal qualily due to 

magnetic information on the recording medium, a funcnonal 25 neignboring signal . Therefore, signals are processed easfly 

component having electromagnetic conversion function is (hereafter 

used. To reproduce magnetic information, a functional com- ... . „ r ... 

ponent which utilizes magnetoresistive phenomenon, giant . How u e , ver ' Jtanntl fluctuations of magnetrzation is an 

magnetoresistive phenomenon, or electromagnetic induction ulev " able P r ° blem m development of high density recording 

phenomenon is used. The functional component is incorpo- 30 usin S aD in -P laDe medium. The thermal fluctuations are due 

rated in an input/output unit so-called a magnetic head. *> < hermal J fl " ctual,ons , ° f ma 8 nell2atl0n "> a recording 

, 1 - - , , medium, and the thermal fluctuations are caused by mcreas- 

A magnetic bead and a recording medium are moved miniaturization of domains because the demagnetizing 

relat.ve to one another, and have a function to record J ea q{ „ ei ^ domains bccome rcmarkab i c and the 

magnetic information on the arbitrary position of the . . ° °. . , , , , 

5. • • , . • „ • r , c magnetization direction becomes unstable. 

medium and to reproduce electrically magne tic information 35 .. . . 

as reauired According to experiments conducted by the inventors, it 

r was confirmed that domains could be erased due to thermal 

As shown ,n FIG. 2, a magnetic head compnses , or fluctuation when densi was increased B hi h „ to about 

example, a recordmg component 21 for recording magnetic kbp , ^ ^ ^ ^ direction a(jd abou , 

information and a reproducmg component 22 for reproduc ^ kTp , (tfacks mch) jn ^ fadius directk)n 

mg magnetic information. , . • . 

^ t rhe perpendicular magnetic recording is known as a 

rec ° rdin S component 21 compnses a coil 26 and ^ chno £ f [o , preventing b the problem. Because demagne- 

magneucally coupled magnetic poles 27 and 28 located so 0 Y nei ^ bori domains M mat flucruations 

that the coil 26 is sandwiched therebetween. ^ of ma ^ netlzation due to thcrmal fluctuation arc 

The reproducing component 22 comprises a magnetore- 4S decrcascd ^ tnc domain erasing phenomenon due to thermal 

sistive effect unit 23 and a pair of an electrode 29 for fl uclual ion is less susceptible. Therefore, the perpendicular 

supplying a constant current to the magnetoresistive eflect magnetic recording is expected to be the high density 

unit 23 and for detecting resistance change. recording technology of the future. 

Between the recording component 2 L and the reproducing However, because magnetic charges are distributed on the 

component 22, a magnetic shield layer 28 (served also as the 50 medium surface in thc perpendicular magnetic recording, if 

write pole) is provided. These functional components are magne tization is reproduced using a reproducer used for 

formed on a magnetic head body 30 through a primary layer detecting field intensity of a conventional longitudinal 

24 and shield layer 25. medium as shown in FIG. 2, square wave (dipulse) is 

The example shown in FIG. 2 utilizes electromagnetic detected depending on domain width. Such a square wave 

conversion function for recording and utilizes magnetore- 55 requires complex signal processing because of wide band, 

sistive effect for reproducing. However, the reproduction of s ucn complex signal processing requires use of a complex 

magnetic information may be performed by detecting elec- electric circuit. Therefore, it is difficult to realize an inex- 

tromagnetic induction current induced in a coil provided in pensive and high speed apparatus, and as a result, this 

a recording component. In this case one component is served problem is one of the reasons for slow commercialization of 

for both recording and reproducing. 6 o perpendicular magnetic recording. 

Tne performance of a storage apparatus depends on the SUMMARY OF THE INVENTION 
input/output operation speed and storage capacity, as a 

result, short access time and large storage capacity are The above-mentioned problem will be solved if output 

essential to render the product competitive. Recently small signals obtained from perpendicular media are of Gaussian 

sized storage apparatus have been developed in response to 65 shape similar to conventional longitudinal media, 

the request for compact information apparatus. To satisfy Accordingly, it is the object of the present invention to 

this request, development of a magnetic memory device for provide a magnetic head and a magnetic recording apparatus 
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using the magnetic head having a novel reproducing means In the above-mentioned reproducing means, the respec- 

which is capable of outputting reproducing signal obtained tive spin valve elements are piled up closely, and a soft 

from a perpendicular magnetic medium as a Gaussian shape magnetic pattern is provided between these spin valve 

pulse signal. The present invention realizes a high speed and elements on the side distant from the air bearing surface. The 

high density magnetic recording apparatus which utilizes a 5 soft magnetic pattern forms a magnetic circuit from the first 

perpendicular magnetic recording method. s P in valve elemem to lhe s P in valve elemem - 

In order to realize the above-mentioned object, the mag- ™ e se cond mean ? 10 accomplish the above-mentioned 

netic head and the magnetic recording apparatus using the ob J ect * * ma & aeUc record >ng apparatus comprising a 

magnetic head of the present invention use means described Perpendicular magnetic recording medium having an easy 

i ■ c t jo magnetization axis in the direction perpendicular to the film 

crcm er ... surface and a magnetic head having both functions for 

The first embodiment uses a perpendicular magnetization recording and reproducing information. The reproducing 
film having an easy magnetization axis perpendicular to the function of the magnetic head is given by a reproducing 
direction of the film surface, and the first embodiment is means provided with the first spin valve element and the 
provided with at least a magnetic head having a function for second spin valve element piled up with interposition of a 
recording and reproducing information. Particularly in the 15 spacer film which spin valve elements at least comprise a 
magnetic head, a reproducing means for having reproducing magnetoresistive element, the first spin valve element corn- 
function of information is provided with piled up or stacked pr ise S the first ferromagnetic film, the first non-magnetic 
two spin valve elements with a pinned layers having mag- medium layer, the second ferromagnetic film, the second 
netization direction difference of about 180 degrees, and non-magnetic film, and third ferromagnetic film placed one 
recorded information is reproduced from the perpendicular 20 Qn anotner m tnis or(ier or in mV erse order, and functions 
magnetization film. thereby so that the first ferromagnetic film and the second 

In detail, the object of the present invention is accom- ferromagnetic film exert exchange interaction each other so 
plished by providing a magnetic recording apparatus pro- as to direct the magnetization direction of the respective 
vided with a perpendicular magnetic recording medium ferromagnetic films in inverse direction, and the difference 
having an easy magnetization axis in the direction perpen- 25 in magnetization direction between the second ferromag- 
dicular to the longitudinal surface, and a magnetic head netic layer and the third ferromagnetic layer generates 
having both recording and reproducing function of magnetoresistive effect. The second spin valve element 
information, wherein the magnetic head is structured with a comprises the fourth ferromagnetic film, the third non- 
reproducing means comprising piled two (the first and magnetic medium layer, and fifth ferromagnetic film placed 
second) spin valve elements having at least a magnetoresis- 50 one on another in this order or in inverse order, and functions 
tive elements for performing reproducing function, and the thereby so that the difference in magnetization direction 
magnetization direction of the pinned layers which are between the fourth ferromagnetic film and the fifth ferro- 
components of each spin valve element are different by magnetic film generates magnetoresistive effect, 
about 180 degrees from each other. Both ends of two (first and second) spin valve elements 

Both ends of two (first and second) spin valve elements 35 respectively provided with a magnetoresistive element are 

respectively provided with a magnetoresistive element is connected commonly and an electrode is provided to each 

connected commonly and an electrode is provided to each common point, and operation of read out (reproducing) 

terminal, and operation of read out (reproducing) means is means is performed by connecting a constant voltage power 

performed by connecting a constant voltage power source or source or constant current power source to an electrode, 

constant current power source to an electrode. i n the structure of the spin valve element, the first 

Preferably pinned layers of the piled two spin valve non-magnetic medium layer comprises a layer with a thick- 
elements comprises respectively an antiferromagnetic film, ness of 1.5 nm or thinner consisting of any one of metal 
and a blocking temperature difference of the respective layers selected from a group of Ru, Rh, Ir, Cr, and Cu or 
antiferromagnetic films is prescribed to be 20° C. or larger. ^ consisting of an alloy containing some of these metals. The 
The blocking temperature will be described hereinafter. first non-magnetic medium layer is sandwiched between 

Alternatively, pinned layers of the piled two spin valve ferromagnetic layers to generate a strong antiferromagnetic 

elements comprise a high coercive force film, and a coercive exchange interaction between these ferromagnetic layers. As 

force difference of the respective high coercive force films a result, the magnetization direction of the first ferromag- 

is prescribed to be 100 Oe or lager. 5Q netic layer and the magnetization direction of the second 

A current terminal of the first spin valve element and a ferromagnetic layer are always in antiparallel relation to 

current terminal of the second spin valve element are each other. 

connected commonly, and an electrode is provided on the The above-mentioned second non-magnetic medium and 

common point. Thereby two elements function as a single third non-magnetic medium layer comprise a Cu layer, 

device. 55 The product of the film thickness and saturation magne- 

Alternatively, the first spin valve element and the second tization of the first ferromagnetic film is prescribed to be 

spin valve element are maintained electrically insulated, larger than the product of the film thickness and saturation 

connected so that output from the elements is in differential magnetization of the second ferromagnetic film, 

mode, and supplied with a current. Further, a spacer film for separating the first spin valve 

In the above-mentioned case, a dual spin valve element 60 element from the second spin valve element is sandwiched 

having the first spin valve element and the second spin valve between the third ferromagnetic film and the fourth ferro- 

element provided with a single oxide antiferromagnetic film magnetic film, and the third ferromagnetic film and the 

inserted therebetween is structured. fourth ferromagnetic film are both comprise a soft magnetic 

The above-mentioned reproducing means is incorporated film, 

in a magnetic head slider, and provided partially on an air 65 The magnetization of the first ferromagnetic film and the 

bearing surface at least near a perpendicular magnetic fifth ferromagnetic film are prescribed to be in the same 

recording medium. direction. 
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The above-mentioned firsl ferromagnetic film and the fifth lively by an antiferromagnetic film or hard magnetic film 

ferromagnetic film are structured so that the magnetization which are respectively in contact with these ferromagnetic 

direction is specified by the antiferromagnetic film or hard films, 
magnetic film which is in contact with these ferromagnetic 

films respectively. 5 BRIEF DESCRIPTION OF THE DRAWING 

The third means to accomplish the above-mentioned FIG. 1 A is a perspective view for illustrating the structure 

object has a structure in which, for example, the first spin of a reproducing means of one example of the present 

valve element having an Ru film provided between the first invention. 

ferromagnetic film and the second ferromagnetic film, and F!G 1B is a sectional v iew of the reproducing means 

having a Cu film provided between the second ferromag- 10 ^kca along the line a in FIG. 1A. 

netic film and the third ferromagnetic film, and the second ™„ ^„ . . - . , . 

. . . , ~ & -. .*, ji- «. FIG. 1C is a sectional view of the reproducing means 

spin valve element having a Cu film provided between the . , . , . Q . CT - - A r ^ 

r ^ r * ci a *u c/u c *• ci taken along the line p in FIG. 1A. 

fourth ferromagnetic film and the fifth ferromagnetic film ° r 

and having an Ru film provided between the fifth ferromag- FIG - 10 » a ^onal view for illustrating piling up of 
netic film and the sixth ferromagnetic film are provided with 15 S P 111 valve elements 33 and 34 taken along the line p m FIG. 
interposition of a desired spacer film adjacently, the repro- In- 
ducing function component having the above-mentioned FIG. 2 is a perspective view for illustrating a reproducing 
structure is used for reproducing information. component 22 and recording component 21 of a conven- 

In detail, the third means is a magnetic recording appa- tional magnetic head, 

ratus provided with a perpendicular magnetic recording 20 FIG. 3 is a plan view of a magnetic recording apparatus 

medium having an easy magnetization axis perpendicular to provided with a reproducing means to which the present 

the film surface direction and a magnetic head having both invention is applied as a reproducing component of a 

functions for recording and reproducing information. The magnetic head. 

reproducing function of the magnetic head is given by a FIGS, 4A and 4B are diagrams for describing the principle 

reproducing means provided with the first spin valve ele- 25 of the head using dual MR as a reproducing means, 

ment and the second spin valve element piled up with FIG. 5A is a perspective view for illustrating the structure 

interposition of a spacer film which spin valve elements at of a reproducing means of the examp i e of the preS ent 

least comprise a magnetoresistive element. The first spin invention 

valve element has the first non-magnetic medium layer . r ... .,. - 

. . a t c *• £ti j .u if 30 HO. 5B ls a sectional view tor illustrating piling up ot 

between the first ferromagnetic film and the second ferro- , . , . ^ ^ ^ ; 

. C1 , . .if . piled up two spin valve elements 33 and 34 m Flu. 5A. 

magnetic film, and has the second non-magnetic medium r r r 

layer between the second ferromagnetic film and the third FIG - 5C * a diagram of a circuit for processing signal 

ferromagnetic film, and the second spin valve element has outputted from piled up two spin valve elements 33 and 34 

the third non-magnetic medium layer between the fourth in FIG. 5 A. 

ferromagnetic film and the fifth ferromagnetic film, and has 35 FIG. 6A, FIG. 6B, and FIG. 6C are schematic diagrams 

the fourth non-magnetic medium layer between the fifth for describing operational principle of the present invention 

ferromagnetic film and the sixth ferromagnetic film. comprising piled up two spin valve elements 33 and 34. 

An electrode is provided respectively on both ends of the FIG. 7 A and FIG. 7B are diagrams for describing opera- 
two spin valve elements , and operation of read out tional principle of a reproducing means of one example of 
(reproducing) means is performed by connecting a constant 40 the present invention. 

voltage power source or constant current power source to an FIG. 8 is a diagram for describing operational principle of 

electrode. a reproducing means of another example of the present 

A preferable structure is described herein. The first non- invention, 

magnetic medium layer and the fourth non-magnetic ^ FIG. 9 is a sectional view of a spin valve element which 

medium layer respectively comprise a layer consisting of is a component of the reproducing component of another 

any one of metal layers selected from a group of Ru, Rh, Ir, example of the present invention. 

Cr, and Cu or consisting of an aUoy containing some of these FIG. 10A and FIG. 10B are diagrams for describing 

metals, magnetization of two spin valve elements 33 and 34. 

The above-mentioned second non-magnetic medium 5Q FIG UA1 and FIG llA2 m diagrams for describing 

layer and third non-magnetic medium layer comprise principle for changing pinned layer magnetization antipar- 

respectively a Cu layer. aUel of the ^ va , ve elemcm 34. 

The film thickness of the first ferromagnetic film is FIG. 11B1 and FIG. 11B2 are diagrams for describing 

prescribed to be thicker than the film thickness of the principle for changing pinned layer magnetization anlipar- 

ferromagnetic film, and the film thickness of the fifth fer- 55 alld of the spin vaWe c i ement 33 

romagnetic film is prescribed to be thicker than the film „.„ .. A , ~„ ,. r . ... 

,. . & r . • l r • FIG. 12A and FIG. 12B are diagrams for describing 

thickness of the sixth ferromagnetic film. . . . , r . . * r *u 

„, . & , „ ... operational principle of a reproducing component of the 

A spacer film for separating the first spin valve element present invention, 

from the second spin valve element is provided between the . j 

Ihird ferromagnetic film and (he fourth ferromagnetic film, 60 13 15 a xcll0 ™\ v J ew f ° r '""Slratu.g a reproducing 

and the third ferromagnetic film and the fourth ferromag- mea ? s 'ompnsmg a p.led up two spin valve elements of 

. c . . , rt . C1 ° another example of the present invention, 

netic him respectively comprise a sort magnetic film. r r 

The magnetization direction of the first ferromagnetic film DETAILED DESCRIPTION OF THE 

and the fifth ferromagnetic film are respectively structured PREFERRED EMBODIMENTS 

so as to be directed in the same direction. 65 [First Example] 

Further, the magnetization direction of the first ferromag- A typical structure of a reproducing component of a 

netic film and sixth ferromagnetic film is specified respec- magnetic head of a magnetic recording apparatus of the 
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present invention will be described hereinafter with refer- 
ence to FIG. 1A to FIG. ID. 

FIG. 1A is a schematic diagram of the reproducing 
component (corresponds to the reproducing component 
shown in FIG. 2). The reproducing component comprises a 
magnetoresistive element 32 and electrodes 31. In the 
present invention, a giant magnetoresistive clement or con- 
ventional magnetoresistive element may be used as the 
magnetoresistive element 32. An example in which a giant 
magnetoresistive element is used is described in this 
example. 

FIG. IB shows a sectional structure taken along the line 
a in FIG. LA, and FIG. 1C shows a sectional structure taken 
along the line p in FIG. 1A. As shown in FIG. IB and FIG. 
1C, the first giant magnetoresistive element 33 and the 
second giant magnetoresistive element 34 are piled up, and 
a non-magnetic film 36 is provided between the giant 
magnetoresistive elements 33 and 34. The permanent mag- 
nets 35 having high coercive force are provided on both ends 
of the giant magnetoresistive elements 33 and 34 to change 
the soft magnetic layer which is a component of the giant 
magnetoresistive element to a single domain and to arrange 
magnetization in the same direction. 

The magnetization direction of the magnetic patterns 35 is 
in parallel to the line a like the conventional longitudinal 
medium. The electrodes 31 are located on the permanent 
magnet 35, and structured so as to supply a current to two 
giant magnetoresistive elements 33 and 34 in the same 
direction. 

In the structure described hereinbefore, the structure is 
novel in that two functional thin films 33 and 34 correspond- 
ing to giant magnetoresistive elements are piled up with 
interposition of the non-magnetic film 36 and in that com- 
mon electrodes 31 are connected to these two functional thin 
films. 

The electric resistance of each functional thin film 
changes depending on the field intensity (perpendicular field 
component; parallel field component to the line (3 shown in 
FIG. 1A) at the position where the functional thin film is 
located. The change is detected as the change of the voltage 
between both ends by supplying a constant current to the 
functional thin film. Alternatively, the change can be 
detected as the change of the current by supplying a constant 
voltage. 

By using functional thin films located at positions distant 
spatially from each other, the field intensity at the positions 
distant spatially from each other can be measured simulta- 
neously. Therefore, by detecting the field intensity difference 
as an output difference, the field gradient between the 
positions distant spatially from each other can be measured. 

First, to detect the field intensity difference at the posi- 
tions distant spatially from each other, two giant magnetore- 
sistive elements are structured to have a spin valve element 
structure as in this example. The detailed structure is 
described with reference to FIG. ID. 

An under layer film (Hf: 5 nm) 41 is deposited, and 
successively a soft magnetic film (free layer: NiFe: 6 nm) 
42, a non-magnetic film (Cu: 3 nm) 43, a pinned layer 
(pinned layer: NiFe: 3 nm) 44, and an antiferromagnetic film 
(Fe — Mo: 10 nm) 45 are deposited, and these films consti- 
tute the first spin valve element (giant magnetoresistive 
element or functional thin film in a broader sense of the 
term) 34. 

Similarly, the second spin valve element 33 is also formed 
by depositing an under layer film (Hf: 5 nm) 46, a soft 
magnetic film (free layer: NiFe: 6 nm) 47, a non -magnetic 
layer (Cu: 3 nm) 48, a pinned layer (pinned layer: NiFe: 3 
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nm) 49, an anti-magnetic film (Fe— Mn: 10 nm) 50, and a 
protection layer (Hf: 5 nm) 51 successively. 

To detect the field intensity difference using the above- 
mentioned structure, the magnetization direction of the 

5 pinned layer 44 which is a component of the first spin valve 
element 34 is differentiated angularly from the magnetiza- 
tion direction of the pinned layer 49 which is a component 
of the second spin valve element 33 by 180 degrees. To 
realize the difference, the blocking temperature of the anti- 

10 ferromagnetic films 45 and 50 which are components of two 
spin valve elements is differentiated each other by 20° C. or 
larger. 

The magnetization direction of the pinned layers 44 and 
49 can be prescribed to be parallel or antiparallel with 

15 respect to a prescribed axis (usually, in the direction parallel 
to the line p shown in FIG. 1A) by exchange interaction 
from the antiferromagnetic films 45 and 50. The parallel 
magnetization direction or antiparallel magnetization direc- 
tion can be prescribed by applying an external field. The 

20 exchange interaction is dependent on the temperature, and 
demagnetized above a certain temperature. The temperature 
is called a blocking temperature. 

As described herein above, the magnetization of a pinned 
layer can not be prescribed above the blocking temperature. 

25 Therefore, if the blocking temperature of the antiferromag- 
netic films 45 and 50 which are components of each spin 
valve element is different in the laminated spin valve ele- 
ments 33 and 34, the magnetization of a pinned layer can be 
prescribed by controlling the temperature when an external 

30 field is applied. 

The blocking temperature is different depending on anti- 
ferromagnetic material such as NiFe, NiMn, IrMn, and NiO, 
further, the blocking temperature of the same material is 
different depending on composition and deposition condi- 

35 tion. The difference is controllable and it is easy to differ- 
entiate the blocking temperature by 20° C. or larger. The 
blocking temperature difference of 20° C. or larger allows 
easy pinned layer magnetization inversion of 180 degrees, 
that is, there is no problem in the magnetizing operation. 

40 From the reason described herein above, it is understand- 
able that the magnetization direction of the pinned layer 44 
which is a component of the first spin valve element 34 and 
the pinned layer 49 which is a component of the second spin 
valve element 33 is changed by about 180 degrees to each 

45 other (to antiparallel relation). 

Next, the reason why the field intensity difference can be 
detected by changing the magnetization direction of the 
pinned layer 44 of the first spin valve element 34 and the 
pinned layer 49 of the second spin valve element 33 by about 

50 1 80 degrees (to antiparallel relation) is described. 

FIG. 6 A shows the magnetization state of a spin valve 
element (giant magnetoresistive element in a broader sense). 
The magnetization direction of the pinned layer 67 is 
antiparallel to Y-axis (perpendicular field direction). The 

55 medium layer 66 consists of a non-magnetic material (Cu). 
The soft magnetic layer (free layer) 65 having magnetization 
state parallel to X-axis is located on the medium layer 66. 
When a field (perpendicular field component: perpendicular 
to the plane of a recording medium) 68 is applied to this 

60 layer, the magnetization 91 is turned to a direction or {J 
direction depending on the direction of the field. If the 
magnetization 91 turns in a direction, then it is oriented 
toward the direction parallel to the magnetization direction 
of the pinned layer 67. On the other hand, if the magneti- 

65 zation 91 turns in (3 direction, then it is oriented toward the 
direction antiparallel to the magnetization of the pinned 
layer 67. Based on the principle of the spin valve element, 
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the parallel slate gives a low electrical resistance and the high coercive force films are deposited instead of the anti- 

antiparallel state gives a high electrical resistance. ferromagnetic films 45 and 50 (piled up at the same 

Next, the sensitivity to a field gradient in the structure position), 

simply comprising two spin valve elements piled up one In the present invention, because two spin valve elements 

above the other as described herein above is examined. 5 are piled up, elements having a difference in coercive force 

As shown in FIG. 6B, two spin valve elements 33 and 34 between these elements of 100 Oe or larger are used, 

having a medium layer 66-1 and medium layer 66-2 respec- Because of the difference in coercive force, the magnetiza- 

tively are piled up one above the other (elements are shown tion direction can be prescribed by reducing successively the 

schematically apart each other for the purpose of description magnetization field. Thereby, the magnetization direction of 

in the drawing), and it is assumed that a field 69 is applied 10 a pinned layer is prescribed arbitrarily (in the present 

to the first element and a field 70 directing to the opposite invention, in antiparallel). The larger the difference in coer- 

direction is applied to the second element. As shown in the cive force, the easier the magnetization, however, the dif- 

drawing, the magnetization of the soft magnetic layer 65-1 fere nee of 100 Oe or higher is sufficient for practical 

turns in ft direction, and on the other hand, the magnetization application. It is well known that the difference in coercive 

of the soft magnetic layer 65-2 turns in a direction. The 15 force is con trolled by controlling material, film composition, 

magnetization direction of the soft magnetic layer 65-1 is deposition temperature, and deposition velocity. The above- 

antiparallel to the magnetization direction of the pinned mentioned operations are utilized to prescribe the magneti- 

layer 67-1, and on the other hand, the magnetization direc- zation direction of the pinned layers to be in antiparallel, and 

tion of the soft magnetic layer 65-2 is parallel to the applied to the present invention. 

magnetization direction of the pinned layer 67-2. A mere 20 A field gradient detection means comprising two func- 

difference in polarity between the external field 69 and 70 tional thin films (spin valve elements 33 and 34) shown in 

only results in a difference in resistance between the FIG. 1 is incorporated in a magnetic head slider 2 which is 

elements, and the added resistance is not changed (precisely similar to a conventional magnetic head slider as shown in 

to say, the added resistance changes slightly due to the FIG. 3. The magnetic head slider 2 is provided with a 

quality dispersion of the element). In other words, the 25 recording means according to a prescribed manner. A per- 

stmcture shown in FIG. 6B is not sensitive to the field pendicular magnetic recording medium having the axis of 

gradient. easy magnetization in the perpendicular direction to the film 

However, as shown in FIG. 6C, in the case of antiparallel plane is used as the recording medium 11. The magnetic 
magnetization direction of the pinned layer 67-1 and pinned head slider 2 is supported by a suspension 7 and arm 4. A 
layer 67-2, the field 69 is applied to the first spin valve 30 rotary actuator 3 is used for positioning the magnetic head 
element 34 and an opposite field 70 is applied to trie second slider 2 and recording medium. Other components such as a 
spin valve element 33, then magnetization turns as described motor for rotating the recording medium, a circuit board for 
herein above, and thereby both becomes antiparallel (high processing electric signals, and an electric circuit for con- 
resistance) to the magnetization direction of the pinned trolling the whole apparatus are used to complete the record- 
layers 67-1 and 67-2 respectively. As a result, the added 35 ing apparatus though they are not shown in the drawing, 
resistance of two elements increases. On the other hand, in By applying the field gradient sensing system which is the 
the case that the external field 69 and the external field 70 are main component of the reproducing apparatus of this 
both oppositely oriented, because the magnetization of the invention, the output signal is rendered Gaussian shaped 
soft magnetic layer turns in the opposite direction, both regardless of using a perpendicular medium as a recording 
resistances decrease. 40 medium. Hence, the same signal processing circuit as used 

However, if the field 69 and field 70 are both parallel, in a reproducing apparatus which uses a conventional 

because the magnetization of the soft magnetic layers 65-1 recording medium having a longitudinal magnetization film 

and 65-2 both turn in the same direction, the magnetization can be used. The signal processing circuit is featured in that 

direction of the soft magnetic layers 65-1 and 65-2 is the circuit scale is small because of a reduced number of 

antiparallel and parallel to the magnetization direction of the 45 signal detection points and the circuit is excellent in high 

pinned layers 67-1 and 67-2 respectively. As a result, the speed capacity. Therefore, I he increased recording density 

added resistance does not change. As described herein does not cause any process time loss for processing signals, 

above, by prescribing the direction of the pinned layer The e-mentioned effect is obtained only by the 

magnetization of the first element and of the pinned layer present invention and is realized by applying the field 

magnetization of the second element in antiparallel to each 50 gradient detection means provided with piled up two func- 

other, the spin valve element structure is rendered sensitive tional thin films (spin valve elements 33 and 34) shown in 

so that the resistance is changed only when fields of opposite FIG. ID to the reproducing means for reproducing magnetic 

polarity are applied to two elements. information generated from a perpendicular magnetization 

When a field gradient is applied between two spin valve film, 

elements, the situation is the same as, namely, the situation 55 To describe more clearly this point, the present invention 

formed when different external fields are applied to two is described with reference to FIG. 7A and FIG. 7B. 

elements. The difference causes a change in the added FIG. 7A is a sectional view (cross section in the plane 

resistance of two elements based on the reason described parallel to the line fi in FIG. 1A) of a field gradient detection 

herein above. The change is detected as the change in current means provided with two functional thin films 33 and 34 and 

or voltage, that is obvious from the above-mentioned reason. 60 a perpendicular magnetization film. In the perpendicular 

This example is featured by antiparallel (about 180 magnetization film 11, the magnetic state turns from an 

degrees) magnetization direction of the pinned layers 44 and upward magnetic state 81 to a downward magnetic state 82 

49 as shown in FIG. ID. at the position where information "1" is located, and the 

Alternatively to specify the magnetization direction of information is detected based on the existence of a transition 

these pinned layers, a method in which exchange coupling 65 80. 

between a high coercive force film such as a a-Fe 2 0 3 -film It is assumed that the first functional thin film 33 and the 

or a CoPt film and a ferromagnetic film is used. In this case, second functional thin film 34 are positioned just above the 
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transition 80 of the medium. Magnetic fluxes are generated 
from each domain in the arrow direction shown in the 
drawing, and these magnetic fluxes penetrate into two func- 
tional thin films (in detail, soft magnetic layers which are 
components of spin valve elements). 

Because of antiparallcl magnetization state on the right 
vs. left side separated at the boundary of transition 80, two 
fields which act on two functional thin film are antiparallel. 
In other words, a difference of the field is caused between 
two functional thin films. The difference causes a change in 
the added resistance of two functional thin films because of 
the reason described herein above, and the change is 
delected as an electric signal. Angular directional turning of 
the magnetizations 81 and 82 results in directional turning of 
magnetic flux which acts on two functional thin films. This 
turning causes resistance change in reverse to the above- 
mentioned manner (increase or decrease). 

However, on a place where there is no transition just 
under the first functional thin film 34 and the second 
functional thin film 33 as shown in FIG. 7B, equal and weak 
magnetic fluxes (stray field decreases due to demagnetiza- 
tion from domain itself) penetrate to two functional thin 
films, no electric signal is therefore generated. 

As described herein above, only when a difference of the 
field from a magnetic recording medium namely field gra- 
dient is given, electric resistance of two functional thin films 
changes. Because the change is differently incremental resis- 
tance or decremental resistance depending on the magnetic 
state of polarity of transition, Lorentzian pulse electric 
signal is obtained. Based on this feature, it is possible to 
process signals using the same signal processing as used 
conventionally (longitudinal magnetization film) regardless 
of using of a perpendicular magnetization film. 

The above-mentioned example involves the generally 
used structure of a spin valve element. However, the present 
invention is also realized by using other spin valve element 
structure. 

[Second Example] 

Dual MR head described in THEORY OF MAGNETIC 
RECORDING by H. NEAL BERTRAM on pages from 194 
to 199 has been known as another structure for detecting 
magnetic gradient generated by perpendicular field. In this 
structure, as shown in FIG. 4A and FIG. 4B, two magne- 
to resistive elements 61 and 63 are piled up with interposition 
of an insulator layer or a high resistance film 62, the fields 
generated by the current magnetize the magnetoresistive 
elements asymmetrically. The asymmetrical magnetization 
is determined u ^ " lrrent intensity, element width, and dis- 
tance between magnetoresistive elements, and easily esti- 
mated based on the soft adjacent layer (SAL) magnetore- 
sistive sensor theory. 

Though the above-mentioned structure is very simple, the 
structure is disadvantageous in that sensitivity is low 
because the functional thin film functions based on magne- 
toresistive effect. Therefore, in the recording density range 
exceeding 10 Gb/in 2 where the perpendicular magnetization 
film is required, the reproducing output is insufficient. 
Though magnetization asymmetry causes no problem of 
symmetry property of amplitude (no difference between plus 
signal and minus signal), the magnetization asymmetry 
causes the change in symmetry of pulse on the time axis. 
This phenomenon is not described in the above-mentioned 
disclosed art. This problem of symmetry of pulse on the time 
axis is due to the property of magnetoresistive element that 
the sensitivity of two magnetoresistive elements change 
reversely (high and low) depending on the magnetization 
asymmetry. This phenomenon results in reproduction of a 
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pulse having a wide skirt when magnetic information is 
positioned on the side of magnetoresistive element of higher 
sensitivity, and on the other hand, results in reproduction of 
a pulse having a narrow skirt when magnetic information is 

5 positioned reversely. 

The interference between neighboring signals becomes 
remarkable with increasing high density recording. When, if 
a signal has nonlinear distortion, following signal processing 
can not be performed. To avoid this trouble, two magne- 
to toresistive elements having the same sensitivity may be 
used, however, because of some allowance for sensitivity in 
manufacturing and accuracy of supplied current (including 
control of external factors such as temperature), such factors 
cause the problem. 

15 Because spin valve elements are used in the present 
invention, the present invention is applied to dual MR head 
without any problem. Because magnetization of a pinned 
layer is prescribed in one direction by a antiferromagnetic 
film in the spin valve structure, the problem of asymmetry 

20 is not involved. Such excellent structure cannot be derived 
from the above-mentioned conventional art. 
[Third Example] 

Another example for realizing excellent reproducing 
function from a perpendicular magnetization film using two 

25 spin valve elements is described hereinafter. In this example, 
the first spin valve element 34 and the second spin valve 
element 33 are maintained in electric insulated condition. As 
shown in FIG. 5 A, electrodes 71 and 73 and 72 and 74 are 
connected to the respective spin vafve elements. These two 

30 pairs of electrodes are electrically insulated. 

To maintain two spin valve elements in electrically insu- 
lated condition, an antiferromagnetic oxide film S3 is 
inserted between two spin valve elements 33 and 34 as 
shown in the cross sectional structure of FIG. 5B. NiFe alloy 

35 films 44 and 49 are deposited on the top and bottom surface 
of the antiferromagnetic oxide film 53, which is served as a 
pinned layer. On the outside surface, Cu medium layers with 
a thickness of 3 nm (non-magnetic layer) 43 and 48, and 
further NiFe alloy films with a thickness of 3 nm 42 and 47 

40 are deposited. The NiFe alloy films 42 and 47 are soft 
magnetic films and served as a free layer of a spin valve 
element. To improve the function as a free layer, Hf films 41 
and 46 are deposited additionally on the outside surface. The 
Hf film also served as a protection film. 

45 As described herein above, each electrode may be insu- 
lated with an antiferromagnetic oxide film 53 to maintain the 
first spin valve element and the second spin valve element in 
electrically insulated condition. In detail, antiferromagnetic 
oxide films 53 are provided between the electrodes 71 and 

50 72 and between the electrodes 73 and 74 to electrically 
insulate. In this case, the process is simplified. By the way, 
in the above-mentioned structure, because the magnetization 
of pinned layers 44 and 49 are specified by free layers 42 and 
47 consisting of common material (NiFe alloy film), it is 

55 impossible to prescribe the magnetization direction of the 
first spin valve element 34 and the second spin valve element 
33 in antiparallel. To prevent the problem, the electrodes are 
insulated. 

Using such structure, it is possible to reproduce recorded 
60 information from a perpendicular magnetization film by 
applying so-called differential operation, in which output 
electrodes 72 and 74 and output electrodes 71 and 73 are 
connected to amplifier circuits of different polarity as shown 
in the circuit diagram of FIG. 5C and respective outputs are 
65 synthesized. Output is obtained finally only when outputs of 
different polarity are detected from two spin valve elements, 
this fact explains the reason. This state is equivalent to the 
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state shown in FIG. 7A and FIG. 7B, and based on this 
reason, it is possible to reproduce recorded information from 
a perpendicular magnetization film. 

This example is featured in that the effect of thermal 
fluctuation is removed by differential operation circuit 
because thermal fluctuation affects the respective elements 
commonly if it occurs. The feature allows this method to be 
applied to contact recording which is likely to be involved 
in disturbance though the number of electrodes increases. 

Reproducing function is realized by a method in which 
any one of the above-mentioned reproducing means is 
provided to a magnetic head slider, and a part of which is 
provided at least on the air bearing surface near the perpen- 
dicular magnetization recording medium surface. 

As shown in FIG. 8, the soft magnetic pattern 38 is 
provided on a place near the first and second spin valve 
elements 33 and 34 and distant from the air bearing surface. 
By providing the soft magnetic pattern, a magnetic circuit is 
formed between the second spin valve element 33 and the 
spin valve element 34. The magnetic circuit is effective for 
inducing efficiently the magnetic flux from the magnetiza- 
tion 81 and magnetization 82 in the recording medium 11. If 
there is no magnetic pattern, the magnetic flux flows mostly 
from the side where two spin valve elements are located in 
parallel to each other to the neighboring element. However, 
if a magnetic circuit is formed on the side which is distant 
from the medium surface, the magnetic flux flows toward the 
magnetic circuit. As a result, the magnetic flux flows into 
more area of the elements, and the output is obtained 
efficiently. 
[Fourth Example] 

In this example, to detect the field intensity difference at 
the position distant spatially, two giant magnetoresistive 
elements having the structure as described herein under are 
piled up. The example is described with reference to a 
sectional view of FIG. 9. 

First, a primary film (Hf: 5 nm) 41 is piled on a substrate, 
and an antiferromagnetic film (Fe — Mn: 10 nm) 45, and a 
magnetic film (first ferromagnetic film: NiFe alloy: 6 nm) 44 
are piled up successively, thereafter an Ru film 56 having a 
thickness of 0.7 nm is deposited, and further a magnetic film 
(second ferromagnetic film: NiFe alloy film: 3 nm) 57 is 
deposited. 

On the film 57, a non-magnetic film (Cu: 3 nm) 43 is 
deposited, and then a soft magnetic film (third ferromagnetic 
film: NiFe alloy film: 6 nm) 42 which functions as a free 
layer is deposited. These successively deposited films con- 
stitute a first spin valve element (a giant magnetoresistive 
element or functional thin film in a broader sense of the 
term) 34. 

Next, for forming a second spin valve element 33, a soft 
magnetic film (fourth ferromagnetic film: NiFe alloy film: 6 
nm) 47 which functions as a free layer is deposited on a 
spacer layer 46, and on it a non-magnetic film (Cu: 3 nm) 48, 
and a magnetic film (fifth ferromagnetic film: NiFe alloy 
film: 3 nm) 49 which function as a pinned layer is deposited. 
On it an antiferromagnetic film (Fe — Mn: 10 nm) 53 and a 
protection layer (Hf: 5 nm) 51 are deposited. 

This example is featured in that after deposition of the 
magnetic film (first ferromagnetic film: NiFe alloy film: 6 
nm) 44, the Ru film 56 with a thickness of 0.7 nm is 
deposited, and the magnetic film (second ferromagnetic 
film: NiFe alloy film: 3 nm) 57 is deposited. This structure 
is described in Digests of INTER MAG '96 AA-04 by V. S. 
Speriosu el. al. In this literature, it is described that the 
magnetization direction of ferromagnetic films between 
which the Ru film is sandwiched is antiparallel, the magne- 
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tization direction of the ferromagnetic film having a thicker 
thickness (to say precisely, higher product of saturation 
magnetization and film thickness) is coincident with the 
external field. This structure is featured in that the coercive 
force of the total magnetic films between which the Ru film 
is sandwiched is increased, and the magnetostatic effect on 
the external is reduced. Application of this structure to a free 
layer or a pinned layer of a spin valve element is suggested 
based on these features. 

In this example, this structure is applied to a pinned layer, 
but the purpose of the present invention is different from that 
described in the above-mentioned literature. In this example, 
two elements are provided at the positions distant spatially 
from each other to measure field intensity simultaneously, 
and the difference in the field intensity is detected as an 
output difference to measure the field gradient. To realize 
this mechanism, in this example, an element structure in 
which the magnetization direction of pinned layers of piled 
up two spin valve elements is antiparallel is disclosed. 
Further, to realize this structure, the example described the 
structure in which the property of an Ru film is utilized. To 
clarify the novelty, it is important to understand the require- 
ment of antiparallel magnetization of pinned layers, this 
point was described in detail in the description of the first 
example with reference to FIG. 6A and FIG. 6C. 

FIG. 10A and FIG. 10B are sectional views for describing 
the magnetization direction of the magnetic film which is 
required to realize the present invention. The magnetization 
direction of the magnetic film (first ferromagnetic film) 44 of 
the first spin valve element 34 shown in FIG. 10A is 
regarded as a reference, and the magnetization direction is 
assumed to be left facing to the paper plane, then it is 
required that the magnetization direction of the second 
ferromagnetic film 57 is right. The magnetization direction 
of the magnetic film (fifth ferromagnetic film) 49 of the 
second spin valve element 33 shown in FIG. 10B is required 
to be left. The soft magnetic films 42 and 47 which function 
as a free layer have an inclination of 90 degrees with respect 
to the pinned layer magnetization (it is realized by magne- 
tizing the permanent magnet 35 shown in FIG. IB and FIG. 
1C) so that the magnetization direction both turns in the 
same direction when an external field is applied. 

The magnetization structure of the above-mentioned mag- 
netic film (pinned layer) is realized by magnetization pro- 
cessing shown respectively in FIG. 11A, FIG. 11A2, FIG. 
UBl, and FIG. 11B2. FIG. 11 A shows the structure after 
film forming of the first spin valve element 34. In this 
structure, the magnet i. . direction of respective rr^^- :ic 
films is not yet prescribed. As shown in FIG. 11A2, heat 
treatment is carried out at a temperature around the blocking 
temperature of the antiferromagnetic film 45 under applica- 
tion of an external field 60. 

Because magnetization of the first ferromagnetic layer 44 
and the second ferromagnetic layer 57 is coupled strongly in 
antiparallel, both layers 44 and 57 behave together as one 
magnetic film layer under a normal condition. The ferro- 
magnetic layer having the higher product of the film thick- 
ness and saturation magnetization is predominant to the 
external field 60 out of two ferromagnetic layers, and the 
magnetization direction of the predominant ferromagnetic 
layer is parallel to the external field 60. As a result, the 
magnetization direction of the layer having the lower prod- 
uct of the film thickness and saturation magnetization is 
directed opposite to the external field 60. In this example, the 
magnetization of the first ferromagnetic layer 44 is directed 
in the direction of the external field 60 and the magnetization 
of the second ferromagnetic layer 57 is directed in the 
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direction opposite to the external Held 60. The magnetization instead of the antiferromagnetic films 45 and 53. In this case, 

of the first magnetic film 44 is fixed in the direction of the the magnetization direction of the ferromagnetic film 

external field 61 due to exchange coupling on the interface (equivalent to 45 and 53) is prescribed to be in parallel 

of the antiferromagnetic layer 45. This principle is the same (equal) to the external field by performing magnetization 

as involved in the conventional spin valve element. 5 processing as shown in FIG. UAl, FIG. 11A2, FIG. 11B1, 

In this example, because the magnetic film 44 is in contact and FIG. L1B2. Also in this case, the magnetization of the 
with the Ru 56 which causes antiferromagnetic coupling in ferromagnetic film and the pinned layer is exchange- 
extremely thin film condition, the magnetization direction of coupled, and the magnetization direction is prescribed, 
the second magnetic film 57 which is in contact with the Therefore, the desired spin valve element structure is struc- 
reverse interface is antiparallel with respect to the external to tured like th above-mentioned structure. By providing an Ru 
field 60. This phenomenon is described in the above- film in the spin valve element, the magnetization direction of 
mentioned literature. the pinned layer which is in contact with the non-magnetic 

Similarly, application of the external field 61 to the Cu film is prescribed to be in antiparallel to the magneliza- 

structure after film forming of the second spin valve element tion field. Thereby, the same function as that of the above- 

33 shown in FIG. UBl results in the state shown in FIG. is mentioned example can be realized. 

11B2. This state is easily understandable from the fact that In the above-mentioned example, a NiFe alloy film is used 

the magnetization of the fifth magnetic film 49 is fixed in the as the magnetic films 44 and 57, however alternatively a Co 

direction of the external field 60 due to the effect of alloy film which is a magnetic film may be used for the 

exchange coupling from the antiferromagnetic layer 53. present invention without any problem. Similarly, Ta or 

In the structure shown in FIG. UA2 and FIG. 11 B2, the 20 oxide may be used for the protection film 51 instead of Hf 

spacer 46 is used commonly, on both sides of the spacer 46 film without any problem in application of the present 

the third magnetic film 42 and fourth magnetic film 47 which invention. 

function as a free layer are located. These magnetic films can Further, to enhance the function of the first and second 

be turned freely by an external field as described hereinbe- spin valve elements, an extremely thin film of Co or NiFe 

fore. These magnetic films are located on the magnetic film 25 may be provided on the interface facing to the Cu layer or 

57 (second magnetic film) and the magnetic film 49 (fifth Ru layer, this method is applied to the present invention 

magnetic film) which function as a pinned layer with inter- without any problem. Therefore it is obvious that these 

position of the Cu films 43 and 48. Because the magneti- examples are included in the present invention, 

zation direction of the magnetic film 57 (second magnetic The case that Ru is used for the first non-magnetic layer 

film) and the magnetic film 49 (fifth magnetic film) is 30 56 is described in the above-mentioned examples, however 

antiparallel to each other based on the above-mentioned alternatively, any one metal selected from a group including 

principle, the first spin valve element 34 and the second spin Ir, Rh, Cr, and Cu or any one alloy containing two or more 

valve element 33 perform a differential function. alloy materials which results in strong antiferromagnetic 

For structuring the above-mentioned magnetization layer coupling may be used instead of Ru, and it is confirmed 

structure, emphasis is placed on making the film thickness of 35 that these materials give the same effect as Ru. 

the second magnetic film 57 thin relative to the film thick- A field gradient detection means comprising two func- 

ness of the first magnetic film 44. By structuring the mag- tional thin films described hereinbefore is incorporated into 

netic films as described herein above, the magnetization a conventional magnetic head slider 2 shown in FIG. 3. In 

direction of the first magnetic film 44 is directed preferen- the magnetic head slider 2, a recording means is provided in 

tially in parallel to the external field direction 60 (in the 40 the usual manner. A perpendicular magnetic recording 

macro view point, magnetized so that magnetostatic energy medium having an axis of easy magnetization in perpen- 

is reduced), and the magnetization direction of the second dicular direction to the film plane is used as the recording 

magnetic film 57 located on the side contact with the free medium 11. The magnetic head slider 2 is supported by the 

layer 42 is directed in antiparallel to the external field suspension member 7 and arm 4. The magnetic head slider 

direction 60. The principle described above can be estimated 45 2 and the recording medium are positioned by the rotary 

easily from Lhe above-mentioned literature, but there is a actuator 3. A recording apparatus of the present invention is 

problem in application of this principle to the dual type completed using other components such as a motor for 

elemcr. structure of the present ir* ^"' : on. In detail, the rotating the recording medium., circuit board for processing 

coercive force of the pinned layer comprising the first electric signal, and electric circuit for controlling the whole 

magnetic film 44, Ru film 56, and second magnetic film 57 50 apparatus, which are not shown in the drawings. By apply- 

is insufficient. ing the field gradient detection means which is the main 

Inventors of the present invention are aware of experi- component of the present invention, reproducing signal of 

ments in which equalization of fixing force of the pinned Gaussian shape is obtained regardless of using a perpen- 

layer magnetization of two elements is essential to secure dicular magnetic film medium as a recording medium. As a 

symmetry of the output for using the dual type element 55 result, the same signal processing circuit as used for signal 

structure. processing of a longitudinal magnetization film recording 

For the purpose of secure symmetry, in the present medium is used successfully, 

invention, the magnetization direction of the first magnetic This signal processing circuit has a small number of 

film 44 and the fifth magnetic film 49 are fixed by the signal detection points and is a circuit of a small scale, and 

antiferromagnetic films 45 and 53. The difference of output 60 excellent in high speed performance. Signal processing 

between the first spin valve element and the second spin causes no processing time loss regardless of increased 

valve element is eliminated. This novel art is not disclosed recording density. 

in the above-mentioned known example, it is said that this The above-mentioned effect can be obtained only by the 

art is a novel art peculiar to the dual type element of the present invention, and the effect is realized by applying the 

present invention. 65 field gradient detection means comprising piled up two 

This problem is solved also by using a ferromagnetic film functional thin films to a means for reproducing magnetic 

consisting of high coercive force material such as Co — Pt information generated from a perpendicular magnetic film. 
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To clarify this point, the example is described in detail with the magnetization direction of the second magnetic film 57 

reference to FIG. 12A and FIG. 12B. FIG. 12 A shows a and the magnetization direction of the fifth magnetic film 49 

sectional view (sectional view along the plane parallel to the are antiparallel to each other. To realize the antiparallel 

line p in FIG. 1) of the field gradient detection means magnetization direction by applying an external field, it is 

comprising piled up two functional thin films and the 5 required that the product of the film thickness and saturation 

perpendicular magnetic film. In the perpendicular magnetic magnetization of the first magnetic film 44 which is in 

film 11, the magnetization condition changes from upward contact w I lh th 5, antiferromagnetic film 45 is larger than the 

magnetization 81 to downward magnetization 82 at the Product of the film thickness anc l^saturahon magnetizaUon of 

position where the information "1" is located. Therefore f cond magnetic film 57, and ako the produc of the fikn 

. e . * * . t , 4l _ thickness and saturation magnetization oi the sixth magnetic 

information is read out based on the existence of the to ^ 55 M ^ . q CQntact ^ ith lhc antlfc rromagnetic film 

transition »«* 53 is sma u e r than the product of the film thickness and 

It is assumed that the first functional thin film 65-1 saturation magn etizaaon of the fifth magnetic film, 

(equivalent to the first spin valve element 34) and the second A ^ magoetic film (ferrimagnetism, ferromagnetism) 

functional thm film 65-2 (equivalent to the second spin valve which has the same magnetization direction as that of an 

element 33) are positioned just above the transition 80 on the 15 external field is used at the same position instead of the 

perpendicular magnetization film, a magnetic flux is gener- antiferromagnetic film 53 without any problem. Elimination 

a ted in the direction as described in the drawing from each of the ferromagnetic film does not cause any problem to 

domain, and the magnetic flux penetrates into two functional realize the present invention. Though this example is a 

thin films (in detail, the soft magnetic layer which is a special case, this example also involves the same principle 

component of a spin valve element). Because the right and 20 to solve the problem on which the present invention 

left magnetization states are different and antiparallel with addresses, therefore this example should be included in the 

respect to the border of the transition 80, fields acting on two scope of the present invention. 

functional thin films are antiparallel to each other. It is Any one of the above-mentioned reproducing means is 
understandable that field difference is generated between provided in a magnetic head slider, and a portion of the 
two functional thin films. As a result, the added resistance of 25 reproducing means is located on the air bearing surface at 
two functional thin films changes based on the reason least near a perpendicular magnetic recording medium 
described herein above, and the change is detected as an surface, and thus reproducing function is realized, 
electric signal. When the direction of the magnetization 81 According to the present invention described 
and 82 is reversed, then the direction of the magnetic flux is hereinbefore, reproducing signal is Gaussian shaped regard- 
also reversed. As a result, resistance change opposite to the 30 less of using a perpendicular magnetic film as a recording 
above-mentioned case occurs (increase or decrease of the medium. Based on this effect, the same signal processing 
resistance). circuit as used for reproducing a longitudinal magnetization 

However, on a place where there is no transition just film recording medium is used successfully. Because such 

under the first functional thin film 65-1 and the second signal processing circuit has the small number of signal 

functional thin film 65-2 as shown in FIG. 12, an equal and 35 detection points, the circuit scale is small, and the signal 

weak magnetic flux (stray field decreases due to demagne- processing circuit is excellent in high speed performance. As 

tization from domain itself) penetrates into two functional a result, there is no processing time loss in signal processing 

thin films, and no electric signal is generated. regardless of increased recording density. 

As described herein above, the resistance changes only The above-mentioned effect can be obtained only by the 

when the field difference from a medium between two 40 present invention, and realized by applying a detection 

functional thin films namely the field gradient is caused. means comprising piled up two spin valve elements to a 

Because the change results in resistance increment or resis- reproducing means of magnetic information obtained from a 

tance decrement depending on the magnetization state of a perpendicular magnetization film. Based on the effect 

transition position, Lorentzian pulse electric signal is described herein above, a high density storage apparatus 

obtained. Based on this feature, the same signal processing 45 having a recording density of 10 Gb/in 2 or more using a 

as used for a conventional longitudinal magnetization film is perpendicular magnetization film is realized, 

used successfully regardless of using a perpendicular mag- The reproducing head of this invention is effective also for 

netization film. densification of longitudinal magnetization film recording. 

[Fifth Example] The reason is described herein under. In the improvement of 

The above-mentioned examples provided with generally 50 linear density of a longitudinal magnetization film, the 
used spin valve elements are described. However, other spin reproducing resolution is specified by the distance of the 
valve element structures may be applied to realize the shield in the case of a conventional magnetoresistive repro- 
present invention. For example, an element having a pinned ducing bead and spin valve head. In other words, it is 
layer of the second spin valve element 33 shown in FIG. 13 required that the distance of the shield is narrow for high 
comprising the fifth magnetic film 49, the Ru film 54, and 55 liner density. However, it is very difficult for narrow distance 
Ihe sixth magnetic film 55 with the magnetization direction of the shield that the multi-layered complex structure such as 
fixed by the antiferromagnetic film 53 is included in the a spin valve is located between shields and the electric 
scope of the present invention. In this example, other basic insulation between the shield and the spin valve is main- 
element structure, magnetization structure, and electrode tained consistently. On the other hand, because a simple 
structure is the same as the above-mentioned examples. In 60 spacer layer specifies the resolution and electric insulation is 
this example, the structure of the pinned layer is the same as not required in the method of Ihe present invention, the high 
that of the first spin valve element. Therefore the output of linear density is realized easily, 
the first spin valve element 34 and the second spin valve What is claimed is: 

element 33 is completely symmetrical, and excellent repro- 1. A magnetic storage apparatus comprising: 

ducing processing is performed. 65 a perpendicular magnetic recording medium including a 

To apply the spin valve element which uses the two Ru film having an easy magnetization axis in a direction 

films 54 and 56 to the present invention, it is required that perpendicular to the surface of said film; and 
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a magnetic head including: 

a first spin valve element including: 
a first antiferromagnetic film; 
a first ferromagnetic film having a magnetization 
direction fixed by exchange coupling with said 
first antiferromagneiic film; 
a first non-magnetic film; 

a second ferromagnetic film having a magnetization 
direction fixed in a direction antiparallel to said 
first ferromagnetic film; 

said first non-magnetic film causing antiferromag- 
netic coupling between said first ferromagnetic 
film and said second ferromagnetic film; 

a first soft magnetic film having a magnetization 
direction which can be turned depending on the 
magnetic field applied from said magnetic record- 
ing medium; and 

a second non-magnetic film formed between said 
second ferromagnetic film and said first soft mag- 
netic film; 
a second spin valve element including: 

a second antiferromagnetic film; 

a third ferromagnetic film having a magnetization 
direction fixed by exchange coupling with said 
second antiferromagnetic film; 

a second soft magnetic film having a magnetization 
direction which can be turned depending on the 
magnetic field applied from said magnetic record- 
ing medium; and 

a third non-magnetic film formed between said third 
ferromagnetic film and said second soft magnetic 
film, the magnetization direction of said second 
ferromagnetic film and said third ferromagnetic 
film being antiparallel; 
a fifth non-magnetic film provided between said first 

spin valve element and said second spin valve ele- 



ment with said first soft magnetic film and said 
second soft magnetic film symmetrically disposed 
around said fifth non- magnetic film; and 
wherein the product of the film thickness and saturation 

5 magnetization of said first ferromagnetic film is 

larger than the product of the film thickness and 
saturation magnetization of said second ferromag- 
netic film; and 
a differential circuit including a first amplifier circuit 

10 and a second amplifier circuit, each having a differ- 

ent polarity; wherein 

an output of the first spin valve element is inputted 
to said first amplifier circuit and an output of the 
1S second spin valve element is inputted to said 

second amplifier circuit. 

2. The magnetic storage apparatus according to claim 1, 
wherein said first non-magnetic medium layer consists of 
any one of metal layers selected from a group of Ru, Rh, Ir, 

20 Cr, and Cu or consists of an alloy containing some of these 
metals. 

3. The magnetic storage apparatus according to claim 1, 
wherein said second non-magnetic film and said third non- 
magnetic film comprise a Cu layer. 

25 4. The magnetic storage apparatus according to claim 1, 
wherein the magnetization direction of said first ferromag- 
netic film and said third ferromagnetic film is prescribed to 
be in the same direction. 

5. The magnetic storage apparatus according to claim 1, 

30 wherein the magnetization direction of said first ferromag- 
netic film and said third ferromagnetic film is prescribed by 
antiferromagnetic films or hard magnetic films which are 
respectively in contact with both said first ferromagnetic 
film and said third ferromagnetic film. 
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